Aims/background-It has been reported that the number of optic nerve fibres decrease with age, and the cup/disc (C/D) ratio increases as the optic disc size increases. Consequently, the normal value of the optic disc variables measured by an optic disc analyser may change according to the optic disc size or age. The eVect of individual variations in optic disc size or age on interpretation of optic disc variables was investigated. Methods-Topographic optic disc variables of 104 normal Asian adults of both sexes aged 40 to 68 were measured using a confocal scanning laser ophthalmoscope (TopSS, Laser Diagnostic Technologies, Inc). Fourteen variables were evaluated according to the optic disc size or age.
Optic disc examination, which is one of the important examinations in the diagnosis of glaucoma, has been performed by ophthalmoscope, aspherical lens, or photograph. [1] [2] [3] Recently, with the development of the confocal scanning laser ophthalmoscope, sophisticated three dimensional analysis of the optic disc became available. 4 5 However, it is only useful for detecting optic disc changes in the progression of glaucoma, and needs more studies if it is to be used in the diagnosis of glaucoma, because the mean optic disc variable values among normal subjects and glaucoma patients overlap considerably.
Normal values for threshold perimetric analysis are dependent on patient age and retinal location, [6] [7] [8] therefore it could be postulated that the optic disc variables should also be evaluated according to the optic disc size or age.
It has been reported that as the optic disc size increases, the neuroretinal rim area also increases. 9 10 Therefore, the normal values of other optic disc variables measured by optic disc analyser may change depending on optic disc size. It has also been reported that the number of optic nerve fibres decrease with age, therefore we attempted to observe the change in optic disc variables with increase in age using subjects with similar optic disc sizes to eliminate the error by the individual variation of optic disc size.
Subjects and methods
One hundred and four normal Asian adults of both sexes visiting Samsung Medical Center for routine physical examination were enrolled into this study. These individuals had no history of ocular disease.
Baseline images were created by the average of three images measured by confocal scanning laser ophthalmoscope (TopSS, Laser Diagnostic Technologies Inc). This instrument projects a near infrared diode laser beam (wavelength 780 nm) on the retina and optic disc, and records the reflected light. From the measured reflectivity intensities it calculates topographic maps, and produces three dimensional images of the optic disc by multiple optical sectioning of the object; a series of two dimensional transverse optical section images parallel to the object's surface is recorded and the focal plane is moved in consecutive steps. Such a tomographic series forms a three dimensional image of the object, which consists of 32 image planes of 256 × 256 pixels each. After each acquisition, the instrument verifies that blinking, exposure, range of depth, oVset, and saturation were correct. Three images per eye centred on the optic disc were obtained in a single session, and the three depth values obtained for each pixel were averaged to produce a baseline topographic image. By determining the margin of the optic disc from the obtained topographic image, 14 optic disc variables are automatically measured. They are: contour variation, the difference between the maximum height and the minimum height values along the defined margin of the optic disc; mean contour depth, the average of all the height values along the defined margin of the optic disc; cup shape, the position of the centre of gravity of the cup; eVective area, the area of optic cup; 1/2 depth area, the area of all points half way between the cup margin and the bottom; cup/disc ratio, calculated by dividing the eVective area by the total optic disc area; neuroretinal rim area, the diVerence between the total optic disc area and the eVective area; volume above, the volume of all tissue or structure within the neuroretinal rim area; volume below, the volume of the cup below the eVective area; 1/2 depth volume, the volume of the cup below the 1/2 depth area; average depth, the average of the diVerences in height values at the reference plane and the corresponding height values within the cup; maximum depth, average of the lowest 5% of all the height values; average slope, the average of the slope values for all the pixels within the optic disc; and maximum slope, the maximum slope value for all the pixels within the optic disc.
To determine the volumetric reproducibility, a total of three independent sets of images of optic disc were obtained for each 10 individuals. From this the mean of the average standard deviation and the coeYcient of variation were calculated.
For evaluating the eVect of individual variation in the optic disc size or age on optic disc variables, one eye of each subject was chosen randomly and used for analysis. Only those images having less than 4 degrees contour tilt were included to exclude tilted high myopic discs. The spherical equivalent of refractive error of the subjects included was less than −3 dioptres, and intraocular pressure measured by non-contact tonometer (Topcon CT-50) was less than 21 mm Hg.
The cup margin was defined at 100 µm below the retinal reference plane as recommended by the instrument manufacturer. Scan angle was selected at 10°, and scan depth and scan oVset were adjusted at 3 mm and 3, respectively. The optic disc margin was defined by changing the shape of ellipse and fitting the best ellipse around the scleral ring.
Fourteen optic disc variables were evaluated according to the optic disc size or age. To determine the eVect of optic disc size on the optic disc variables, we observed the change of each optic disc variable as the optic disc size increased in the 104 subjects. To evaluate the eVect of age on optic disc variables, we analysed the variability of each optic disc variable as age increased in the 77 subjects with optic disc sizes equal to or greater than 2 mm 2 and equal to or less than 3 mm 2 . Statistical analysis was done by regression analysis.
Results
The mean (SD) optic disc size of 104 subjects was 2.502 (0.524) mm 2 and ranged from 1.417 mm 2 to 4.024 mm 2 ; other values of optic disc variables are shown in Table 1 .
The volumetric reproducibility which was expressed by mean standard deviation and coeYcient of variation of the three measurements that made up a baseline image in each of 10 subjects ranged from 0.012 to 1.125, and from 1.4% to 8.9%, respectively (Table 2) .
With increase in optic disc size the increases in cup shape, eVective area, 1/2 depth area, C/D ratio, neuroretinal rim area, volume above, volume below, and 1/2 depth volume were statistically significant. However, contour variation, mean contour depth, average depth, maximum depth, average slope, and maximum slope were not aVected ( Table 3) .
The mean (SD) age of 77 subjects used for analysing the eVect of age on optic disc variables was 52.4 (6.8) years and ranged from 40 to 68 years. Age did not seem to have any statistically significant influence on optic disc variables (Table 4) .
Discussion
Since optic disc change precedes visual field defect in glaucoma patients, examination of the optic disc is thought to be more valuable than the visual field test for early detection of glaucoma. [11] [12] [13] The interobserver variation is smaller in determining the margin of optic disc than that of cupping, 14 therefore reproducibility and accuracy in evaluating the optic disc with an optic disc analyser, which measures the variables automatically only by determination of the optic disc margin, could be much higher than with an ophthalmoscope or a photograph where the examiner needs to decide on all of the variable data himself. In addition, the optic disc analyser could perform the volumetric evaluation of the optic disc.
The reproducibility of measurements of the optic nerve head with the TopSS was excellent and comparable with other types of optic disc analyser such as the Heidelberg retina tomograph. The mean coeYcient of variation for multiple examinations in normal subjects with the Heidelberg retina tomograph has been reported as 4.8% for neuroretinal rim area, 3.4% for cup area, 4.6% for cup volume, and 4.0% for maximal depth. 15 The corresponding values using the TopSS were 4.7%, 3.9%, 4.0%, and 5.0%, respectively.
The optic disc size varies individually, 16 17 and as the optic disc size increases the neuroretinal rim area also increases. 9 10 Therefore, it could be hypothesised that the optic disc size could influence other variables measured by an optic disc analyser.
It has been reported that the neuroretinal rim area decreases with age, [18] [19] [20] [21] [22] but other studies show that there is no change in neuroretinal rim area with age. 23 24 The reason for this contradiction in results is that data were analysed irrespective of the optic disc size. If most of the subjects included in the old age group had large optic disc sizes, the neuroretinal rim area would not be decreased, even though the neuroretinal rim area may decrease with age.
The best way to check the variation in optic disc variables with age is to follow up some volunteers over a period of time. However, it is impossible in this kind of cross sectional study, and if we perform a longitudinal study, it needs a long follow up time. Therefore, in this study, we evaluated the influence of age on optic disc variables using the subjects with similar optic disc sizes to minimise errors which could be derived from the individual optic disc size variations.
Optic disc variables related to area or volume were influenced by optic disc size; however, those related to depth were not aVected by optic disc size. It could be said that as optic disc size increases, the cup is widened but not deepened. Hence, the depth change of cup could also be a good clue in the detection of glaucomatous optic disc.
Our results indicate that age is not a necessary factor in the evaluation of optic disc variables. In other words, the cup is not enlarged or deepened with age. It correlates well with the studies that there is no statistically significant decrease in the number of nerve fibres with age. [25] [26] [27] Other studies have shown that nerve fibres decrease by 4000 to 12 000 fibres per year. [28] [29] [30] Even though there may be loss of nerve fibres, they may be replaced by glial or other tissue, and thus not detected by topographic evaluation.
In this study we included a subject with less than 4 degrees of contour tilt because we used only the reference plane in the determination of the cup; evaluation of the tilted disc in the myopic eye using the reference cup is recommended rather than using the reference plane because in these tilted discs the plane will be higher than the lower side of the optic nerve head and the resulting volumetrics will be higher than the actual values. Further study is necessary to determine factors aVecting the optic disc variables in myopic tilted discs.
In conclusion, optic disc size but not age should be considered in the determination of normal values of optic disc variables. If normal values of each optic disc variable were determined using a large number of samples, the optic disc analyser could be useful not only for early detection of progression of glaucoma but also for early diagnosis of glaucoma. 
